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(57) Abstract: An apparatus to protect the mounting area of casing when subsequently attaching a 
tubular is disclosed. A sleeve (20) that defines a sealed cavity (28) having a loose incompressible 
material (30) inside covers the mounting location on the casing. The cementing of the casing takes 
place through the sleeve. After the cementing, the sleeve is drilled out and the incompressible ma- 
terial is removed to the surface with the drill cuttings. A tubular (66) is insetted in the casing and 
is preferably expanded into sealing contact with the mounting location on the casing. At the end of 
expansion, the run in shoe (84) on the tubular is retrieved. 
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APPLICATION FOR PATENT 

Inventors: Michael A. Cannody; Matthew J. Jabs; Harold E. Payne; 
and Mark K. Adam 

TMe: Shoe for Expandable Lin^ System 

FIELD OF THE INVENTION 

[OOOl] Hie field of this invention is the method of running a tubular inside 
casing and securing it and more particularly to techniques for protecting tiie mounting 
location for the tubular on the casing as the casing is cemented. 

BACKGROUN D OP THE INVENTION 

[00(1112] Figure 1 is illustrative of the prior techniqpies of runnmg in casing with 
a casing shoe 16 near its low^ end If later a tubular is run in and needs to be attached 
to the casing by expansion, the presence of cem^t debris in tiie siqpport area on the 
casing where tiie tubular will be attached could prevent a sealed connection fit)m 
being obtamed. One way around tiiat would be to deliver the cement into a shoe 
mounted below the point at which the liner will be attached later. Another method 
would be to run brushes and scrapers into the moxmting location after cementing to be 
sure it was clean so tiiat a good seal and support for tiie tubular subsequentiy installed 
can be obtained. However these tedmiques require significant amounts of time and 
create an associated cost 

[0003] The present invention protects the mounting location on the casing 
during cemmting with a sleeve that covers a recess. The sleeve defines a sealed 
annular ^ace that contains an incompressible materiaL Hiis allows the sleeve to be 
compliant to changes in hydrostatic pressure as the casmg is lowered mto place. 
Cementing is done tiirough the sleeve. The sleeve is subsequently drilled out e^qposing 
a recess and a locating groove. The tubular can then be positioned accurately and 
expanded in to sealing contact with the casing. Due to the recess, the drift diameter of 
the tubular after e}q)ansion mto the recess is at least as large as the casing drift 
diameter. The entire tubular can be expanded to its lower end and a run in shoe at the 
lower end of the tubular can be retrieved and removed firom the well with the swaging 
assembly and the running string that delivered it These advantages and otiiers of the 
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present invention will be readily q>preciated by those skilled in the art from a review 
of the description of fte preferred embodiment and the claims that appear below. 

SUMMARY OF THE DSrVEhmON 

[0004] An q)paratus to protect &e mounting area of casing whm subsequently 
attaching a tubular is disclosed. A sleeve that defines a sealed cavity having a loose 
mcompressible material inside covers the mounting location on ttie casing. The 
cementing of tiie casing takes place throu^ the sleeve. After Ifae canenting, tiie 
sleeve is drilled out and the incompressible material is removed to tiie sur&ce witii the 
drill cuttings. A tubular is inserted in the casing and is preferably expanded into 
sealing contact with the moimting location on the casing. At the end of expansion, the 
run in shoe on the tubular is retrieved. 

nTyrAH Fri DESCRIPTION OF THE DRAWINGS 

[0005] Figure 1 is a prior art production casmg illustrating a standard casing 
shoe at the lower end; 

[00061 Figure 2 shows a production string with the shoe track of the present 
invention; 

[0007] Figure 3 shows the production casing with the shoe track of the present 
invention run into the wellbore; 

[0008] Figure 4 is the view of Figure 3, after conenting; 

[0009] Figure S is the view of Figure 4 sfaowmg the shoe track e}q)osed after 
drillout and the wellbore extended below the production casing; 

[0010] Figure 6 is the view of Figure 5 showing the reammg of tiie extension 
bore just drilled; 

[0011] Figure 7 is a close up view of tiie now exposed shoe; 

[0012] Figure 8 shows tiie liner run in on a running tool and in position to be 
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[©©13] Figure 9 is the view of Figure 8 indicating Ihe initial stroking of the 
swage, which results in release fix)m the running tool; 

[0014] Figure 10 is the view of Figure 9 showing the anchor released and 
weight bemg set down to reposition for the next stroke of the swage; 

[®©1S] Figure 11 is the view of Figure 10 showing the next stroke of the 
swage; 

[©©1<5] Figure 12 is the view of Figure 11 showing the swage advancmg 
toward the lower end of the liner, 

[©©17] Figure 13 is the view of Figure 12 with the swage now engaging Hit 
running shoe of the liner at its lower end; 

[©©18] Figure 14 is fte view of Figure 13 with the liner fiilly expanded and the 
swage bemg r^oved vnOx the running shoe by withdrawing the running tool fiom tihie 
fiilly expanded liner; 

[0©19] Figure 15 is a close up view of the sleeve protecting the recessed shoe 
during cementing; 

|0©20] Figures 16a-16b show the capture of the guide nose assembler, 

[0©21] Figures 17a-17b show the shearing out of the guide nose assembly 
fiom the tubular or Imer; 

[0022] Figures 1 8a-l 8b show the guide nose fiilly released and cqitured; and 

[©©23] Figures 19a-19b show &e emergency release feature. 

pFX^n.B P DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0024] Figure 1 illustrates a production casing 10 having a known landing 
collar 12 and a standard float collar 14 as well as a casing shoe 16 adjacent its lower 
end IS.Typically, in the past, the cement is pimiped through the casing shoe 16 and 
ttien a dart or wiper is used to displace cmoit from the casing 10 and out ttirough the 
shoe 16 and into the surrounding annulus. When the well is to be drilled deeper, the 
shoe 16 is drilled oxit but residual cement could still be preset The presence of such 
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cement or shoe debris after drilling can affect the seal that is subsequently needed 
wh» a liner is inserted and secured to the casing 10. Tbis is particularly a concern 
when the liner is to be expanded to secure it to the casing 10. 

[0025] The preset mvention addresses this concern with a sleeve 20 shown in 
Figures 2 and IS. As shown m Figure IS, the production casmg 22 has a lower section 
24. Inside section 24 is a sleeve 20 mounted preferably concentrically and defining an 
aimular space 28 that contains an mcompressible material 30. Preferably the 
mcompressible material 30 is loosely mounted sand but oQxer materials can be used. 
The purpose of the material 30 is to allow flexing in response to inraeasing 
hydrostatic pressures as tiie depdi of ^ casing 22 increases, when it is lowered into 
initial position. Sleeve 20 is pre^rably fiberglass sealed at ends 32 and 34. Sleeve 20 
initially covers locating recess 36 and long recess 38, which will later serve as the 
location for securing a tubular such as a liner by a variety of methods. The preferred 
method of expansion will be described in more detail below. Sleeve 20 is preferably a 
non-4netallic or some other material that can be quickly drilled such as plastics or 
composites, to mention a few. During cementing of the casing 22, tiie sleeve 20 has an 
nmer surfece 40, which is contacted by tiie craient Ultimately a dart or wiper plug 42 
passes througjii casing 22 and lands on landmg collar 12 (see Figure 4) to displace 
most of the cement out of the casing 22 and into the surrounding atmuhis. The sleeve 
20 is subsequently drilled out allowing tiie incompressible material 30 to esciq>e and 
exposing the clean locating recess 36 and die long recess 38 for subsequent 
attachment of a tubular as will be described below. The drilling removes a part of seal 
rings 42 and 46 without damaging the casing 22 or lovt^er section 24. 

[0026] The method can be understood by beginning at Figure 3, where the 
casing 22 is mounted in the desired position for cementing in the wellbore 26. Hie 
assembly mdudes landing collar 12 and float collar 14, The assembly shown m 
Figure 15 is at the lower end of the assembly, but for clarity only the sleeve 20 is 
referenced m the schematic iUustration. 

[0027] Figure 4 shows that cement 48 has been displaced by plug 42 landing 
on landmg collar 12. As a result, cement 48 is pushed tiiroug^ sleeve 20^ through run 
in shoe 50 and into annulus 52. 
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[(K(D28] In Figure S» a drill string 54 with a bit assembly 56 has been advanced 
tlirou^ the casing 22 and has milled out the wiper 42 and tfie sleeve 20 to expose 
locating recess 36 and long recess 38. Hie incompressible matoial 30 is released and 
circulated to the sur&ce with the drill cuttings fix>m the action of bit assembly 56. 

[0029] Figure 6 illustrates tiie enlar^g of the new section of wellbore 58 to a 
new dimension 6(D using an under-reamer or an RWD bit 62. Depending on the nature 
of the bit assembly 56, the wellbore 60 can be created in a single trip in the hole or in 
multiple trips. Figure 7 shows the drilling of wellbore 6® complete and tiie string 54 
and bit assembly 56 removed from the wellbore 60 and stored at the sur&ce. 

[Odtso] Figure 8 shows a running string 64 that supports a liner or other tubular 
66 at locking dogs 68. The assembly further comprises an anchor 70 wiA slips 72 that 
are prefi^ably pressure sensitive to extend slips 72 and allow them to retract when 
pressure is removed Also in the ass^bly is a piston and cylmder combmation 74 
that drives a swage 76, in response to pressure e^lied to the piston and cylinder 
combination 74. Initially, as illustrated in Figure 9, pressure is applied to extend the 
slips 72 and drive down the swage 76 as illustrated schematically by arrows 78. The 
upper end 80 of &e tubular 66 is expanded into long recess 33 for support fipom casing 
22. As swage 76 stroked enou^ to suspend the tubular 66 to casing 22 the dogs 68 
become undermined and release tibeir grip on tubular 66. As shown in Figure 10, the 
dogs 68 have released and the slips 72 have been released Whra weight is set down 
at the sur&ce, after internal pressure is removed, the piston and cylinder combination 
74 is re-cocked for anoflier stroke for swage 76. Figure 11 shows the subsequent 
stroking further expanding the tubular 66. Optionally, one or more open hole packers 
32 can be used to ultimately make sealing contact in wellbore 60 after expansion. 

[msi] Figure 12 illustrates the continuation of tiie movement of the swage m 
response to £q)plied sur&ce pressure to anchor 70 and piston and cylinder combination 
72. Those skilled in the art will {^rpreciate that force magnification am be 
incorporated into piston and cylinder combmation 72 and a greater force can be 
applied to swage 76 at the beginmng of each stroke as compared to the balance of 
eadi stroke. These features were disclosed in co-prading U.S. application Serial 
Number 60/265,061 whose filmg date is February 11, 2002 and whose contents are 
fully incorporated herein as if fully set forth. However, oth^ techniques can be used 
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for swaging or ev^ to secure the tubular 66 to long recess 38 or anothw location 
initially covered by a sleeve sudi as 20 during cementing of tlie casing 22, without 
departing from the invention. 

[m32] Eventually, the naming string 64 expands the opm hole padcers 82 
into sealing contact with the wellbore fiO as it approaches ttie run m dioe 84 mounted 
near the lower end 86 of tubular 66. A grasping mechanism 88 is shown scheanatically 
at tiie law& end of runnmg string 64. Contact is made and the run m shoe 84 is 
grabbed by mechanism 88. Swage 76 eaj>ands lower end 86 of tubular 66 enough so 
that tile run in shoe is released. When the string 64 is ronoved from the wellbore 60 
and to the surfi^, it takes wifli it the anchor 70, the piston and cylinder combmation 
74 and the run in shoe 84, leaving a large opening 90 in die lower &id of tubular 66, 
as shown in Figure 14. Those skilled m the art will appreciate diat the run in shoe 84 
&cilitaies insertion of the tubular 66 by presenting a blunt nose as die tubular is 
initially advanced into position, as shown m Figure 8. It has a valve m it to allow 
circulation to fecilitate insertion of the tubular 66. Removal of the run m shoe 84 as 
described above presents a large opoiing in the lower end of flie tubular 66 to 
fecilitate subsequent drilling operations or odi^ completion techniques. 

[0033] Figures 16-19 show tiie grasping mechanism 88 in greater detail. It has 
a top sub HOO connected at thread 102 bek>w dogs 68. Top sub 100 is connected to 
mandrel 104 at thread 106. The run m shoe 84 is attached to tubular 66 by virtue of 
split ring 108 held against rotation by pfai 110, which ext^ds fixmi shoe 84. Threads 
112 on ring 108 mesh wifli threads 114 on tubular 66. Ring 116 holds ring 112 in 
position on shoe 84. Shoe 84 has a groove 118 and a stop sur&ce 120. Top sub 100 
has a surbce 122 that lands on sur&ce 120 as the grasping mechanism 88 advances 
with the swage 76. When sur&ce 122 hits sur&ce 120 the tubular 66 has not yet beeu 
expanded. Mandrel 104 has a series of gripping collets 124 that land m groove 118 
when sur&ces 120 and 122 conned Wh» this hq^pens, as shown in Figure 16a the 
collets are aligned v/iUi recess 126 on mandrel 104 so that they can enter recess 118 in 
shoe 84. Mandrel 104 has a ring 128 held on by shear pins 130. When a downward 
force is applied to shoe 84 through the contact between sur&ces 120 and 122, direads 
112 and 114 shear out and the shoe 84 drops down and is captured on ring 128. At 
this point, shown in Figure 17a, sur&ce 132 on mandrel 104 supports collets 124 in 



6 



wo 2004/072436 



PCTmS2004/002815 



groove 118. The shoe 84 is now captured to Uie mandrel 104. As the mandrel 104 
moves down in tandem witii the swage 76, the tubular 66 is e^qmded to bottom. 
Thereafter, the swage 76 and the graspmg mechanism 88 and the attached shoe 84 can 
all be removed to flie surfece, as shown in Figure 18a. Ij^ for any reason the shoe 84 
feils to release fiom the tubular 66 or gets stuck on the way out to tiie surface, a pull 
on Ae string 64 shears out pins 130, allowing tiie collets 124 to become unsupported 
as surfece 134 is presented opposite recess 118 as shown m Figure 19a. Those skilled 
in the ait will appreciate that other devices can be used to snare the shoe 84 as the 
swage 76 advances. The ability to remove shoe 84 is advantageous as it removes the 
need to mill it out and fiirther reduces the risk of tiie shoe 84 sunply tummg in 
response to a milling effort, once it is no longer held against rotation by the now 
expanded tubular 66. 

[00341 Those skilled m the art will now ^preciate flie advantages of the 
present mvention. The sleeve 20 shields subsequent mounting locations for the tubular 
66 on casuig 22 from contamuiation with the cement 48 used to seal the casing 22. 
Thus regardless of the method of sealed attachment between the tubular 66 and the 
casmg 22, there is a greats assurance tihat Hit proper sealmg support will be obtained 
without concOTi that cement may have fouled the mounting location. The assembly 
including the sleeve 20 is compliant to dianges in hydrostatic pressure resulting from 
advancement of Ae casmg 22 downhole. At the conclusion of e3q)ansion or otfi^ 
technique to secure tubular 66 to casing 22, the lower end of the tubular 66 is left 
open as the run in shoe 84 is retrieved. 

[0035] The foregoing disclosure and description of the invention are 
illustrative and explanatory thereof and various changes in the size, sh^e and 
materials, as well as in the details of tiie illustrated construction, may be made v\dthout 
departing from the spirit of the mvention. 
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We claim: 

1 . A casing shoe for downhole use, comprising: 

a body having at least one internal recess and a passage Iher^hrou^ 
a cov&r mounted over said recess to protect said recess fiom debris 
accumuiatlQn resulting from craiendng said body downhole; 

said cover removable subsequort to c^endng of said body to expose said 

recess. 

2. The shoe of claim l,wherein: 

said cover is sealed to said body to define an enclosed annular space adjacent 
said recess. 

3. The shoe of claim 2,wha^in: 

said annular space contains an incompressible material. 

4. Hie shoe of claim 3,vrtKerein: 

said mcompressible material is loosely packed. 

5. Hie shoe of claim 4,v\^erein: 

said cover is allowed to flex responsive to changing pressure conditions as 
said body is introduced downhole as a result of shiffing of said incompiessible 
matmal. 

6. Hie shoe of claim S,wherein: 

said cover is removed by drilling Ihrou^ said shoe which allows said loosely 
padced incompressible material to be r^oved fix)m adjacent said recess. 

7. The shoe of claim i^fiirther comprising: 

a tubular inserted throu^ said shoe after removal of said cover for attachment 
to said recess. 

8. The shoe of claim 7,wherem: 
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said tubular is attached to said recess by expansion. 

9. The shoe of claim 8,wherein: 

said body has a drift diamet^ outside of said recess and said tubular, after 
expansion into said recess, has a drift diameter at least as large as said drift diameter 
in said shoe outside of said recess. 

1 0. The shoe of claim S^fttrtfa^ comprising: 

a run in shoe at a lower end of said tubular that is released from said tubular 
by said expansion for retrieval through said body. 
1 L A well completion metiiod, comprising: 

running in a tubular having a shoe at its lower end; 

providing a sleeve to cover a recess in said shoe; 

cementing the tubular downhole; 

removing the sleeve after said cementing to expose said recess. 

12. The method of claim 11, comprising: 

creating a sealed annular space around said recess vnSi said sleeve. 

1 3 . The method of claim 12, comprising: 

allovnng said sleeve to flex in response to changing differential pressures 
across it as the show is lowered m the wellbore. 

14. The method of claim 12, comprising: 

providing an incompressible material in said annular space. 

15. The mediod of claim 14, comprising: 
loosely packing said incompressible material. 

16. The mediod of claim IS, comprising: 

drilling out said sleeve after said eventing; and 

removing said incompressible material with the drill cutdngs. 
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17. The method of claim 11, comprising: 

inserting a tubular string after removal of said sleeve; 
e}q)anding said tubiilar string into said recess for support 

18. The method of claim 17» comiHising: 

providing a drift diameter ft)r said tubular string after said expansion at least as 
large as the drift diameter of said shoe outside of said recess. 

19. The mediod of claim 17, comprising: 

connecting a run in shoe to tfie lower end of said tubtdar string for run in; 
releasing said run in shoe from said tubular string by said expanding; and 
re^eving said run in shoe to the sur&ce. 

20. The method of claim 19, comprising: 

delivering said tubular string on a run in string further comprising a swage, a 
releasable anchor and a retrieving tool; 

releasing said tubular string and said run in shoe fiom said run in string by 
driving said swage while it is selectively supported by said anchor, 

capturing said run in shoe for retum to the sur&ce with said anchor and said 
swage as said run in string is ranoved. 
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